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Introduction
Breathing, disorders during sleep have attracted much attention since the report of a Pickwick syndrome (Burwell et al. 1956 ). Guilleminault et al. (1976) integrated hypersomnia associated with apnea during sleep and insomnia and advocated that these conditions be regarded as sleep apnea syndrome (SAS). A number of studies have subsequently examined the etiology and pathophysiology of SAS, but neither of them seem to have been adequately elucidated.
In recent years, SAS has been treated surgically by maxillomandibular advancement surgery (Riley et al. 1986 ) and by inferior mandibular osteotomy and hyoid myotomy suspension (Waite et al. 1986) or conservatively by the use of a dental appliance (Meier-Ewert and Brosig, 1987) . Dentistry and oral surgery are now used 231 in the treatment of SAS. Due to development of imaging instruments, the results of morphologic studies of SAS patients by cephalography (Lowe et al. 1986; Hochban and Brandenburg, 1994) , computed tomography (CT) (Ryan et al. 1991) and magnetic resonance imaging (MRI) (Shelton et al. 1993) have also been reported. These studies have shown as common findings that SAS patients are obese, tend to have an excessively long soft palate, an excessively enlarged tongue, and micrognathia, and marked narrowing of the upper airway. However, there have been no reports on a morphologic study in Japanese patients. The frequency of obesity is low in Japanese patients with SAS (Katsumata et al. 1986; Ohta et al. 1993) , and obesity is not as frequent in Japanese patients as it is in patients in other countries. The etiologic factors of SAS in the Japanese patients also seem to be different from those in patients of other countries. We compared SAS patients and healthy subjects by lateral cephalography to determine the morphology of the facial skeleton, tongue, soft palate and upper airway of Japanese patients with SAS.
Materials and Methods
The subjects were 53 men who were diagnosed as having SAS by polysomnography (PSG) performed during the night at the Department of Psychoneurology of Kurume University Hospital and 50 adult men who did not snore.
Cephalography was performed and the data were used for the present analysis.
PSG was performed on SAS patients according to the manual by Rechtshaffen and Kales (1968) . Cessation of breathing for at least 10 sec was regarded as sleep apnea, and it was classified as obstructive, central or mixed types. The height (Ht) and body weight (Bw) were mea- All cephalograms were taken laterally in the standing position. The Flankfort horizontal (FH) plane was regarded as a standard horizontal plane for the position of the head. The subjects were instructed to occlude in the position of centric occlusion and to breathe through the nose during cephalography to allow accurate observation of mobile sites of the tongue, soft palate and upper airway.
In addition to the generally used landmarks of the maxillofacial skeleton, the following five landmarks were established on the cephalograms ( Fig. 1 ): hyoidal (H), the most anterosuperior point of the hyoid; third vertebra (C3), the most anteroinferior point of the third vertebral corpus; palate point (P), the most inferior tip of the soft palate; the base of the epiglottis (Eb), the deepest point of the epiglottis; and the tongue tip (TT), the center of the lead disk attached to the border between the ventral and dorsal surfaces of the tongue tip. The following cephalometric measurements were compared among the groups: 
ANS-H: The distance between ANS and H.
ANS-Eb: The distance between ANS and Eb.
RGn-C3: The distance between RGn and C3.
Tongue area: The area outlined by the dorsal aspect of the tongue surface and lines that join TT, RGn, H and Eb.
TGL (tongue length): The distance between TT and Eb.
TGH (tongue height): The distance between a point on the most superior curvature of the tongue dorsum and the base of a line perpendicular to the TGL line.
Soft palate area: The area defined by the outline of the soft palate that starts and ends at PNS through P.
PNS-P (soft palate length): The distance between PNS and P.
MPT: The maximum thickness of the soft palate measured on a line perpendicular to the PNS-P.
Airway area: The area outlined by the inferior border of the nasopharynx, the posterior surface of the soft palate and tongue, a line parallel to the palatal plate through the point Eb, and the posterior pharyngeal wall.
SPAS (superior posterior airway space): The thickness of the airway behind the soft palate along a line parallel to the Go-B point plane.
MAS (middle airway space): The thickness of the airway along a line parallel to the Go-B point plane through P.
IAS (inferior airway space): The thickness of the airway along a line extending through the Go-B line plane. There were no differences in mean N-PP or Me-PP between Group N or O and Group C, and there was no difference in the height of the maxilla or mandible between Group N or O and Group C. The mean PNS-ANS was shorter in Group N than in Group C (P<0.05), showing an antero-posterior decrease in the maxilla in Group N. With regard to the mandible, the mean Go-Me was shorter in Group N and Group O than in Group C (P< 0.001), and the mean Ar-Go was also shorter in Group N (P<0.05) and Group O (P< 0.01) than in Group C. Thus, both Groups N and O showed micrognathia. The Go-Me was shorter in Group N than in Group O (P< 0.00 1), and Group N in particular showed marked shortening of the mandibular body ( There was no difference in mean TGH among the groups, whereas the mean TGL was longer in Group N and Group O than in Group C (P<0.001), and the mean tongue area was also greater in Group N and Group O than in Group C (P<0.001). TGL was longer (P<0.01) and the tongue area was greater (P<0.001) in Group O than in Group N. The tongue was greater in Group N than in Group C, and it was longer in Group O than in Group N, showing p ostero-inferior enlargement in Group O.
The mean MPT was longer in Group N and Group O than in Group C (P<0.001), and the mean soft palate area was greater in Group N and Group O than in Simple regression analysis of the relationships between tongue area and Bw and between tongue area and ANSEb in 103 subjects (50 controls and 53 SAS patients) revealed a distinct correlation between tongue area and Bw (R2=0.617, P<0.0001); the tongue area increased as Bw increased. There was also a distinct correlation between tongue area and ANS-Eb (R2=0.617, P<0.0001); ANS-Eb increased as the tongue area increased. The tongue enlarged posteroinferiorly with the increase in the body weight (Fig. 3) . The results of our analysis revealed that the tongue area was larger in Group N than in Group C and it was larger in Group O than in Group N, showing a correlation between tongue area and Bw (R2=0.670, P<0.0001) and tongue area and ANS-Bb (R2=0.656, P<0.0001). Browman et al. (1984) reported that the relationship between apneas per hour of sleep and body weight was a logarithmic function. The size of the tongue base is considered to have enlarged with the increase in body weight, probably leading to increased narrowing of the upper airway. The symptoms of SAS are generally believed to be reduced with the decrease in body weight. Inversely, the size of the tongue base is reduced and the narrowing of the upper airway is reduced by a decrease in body weight. The soft palate area was larger in Group N than in Group C and larger in Group O than in Group N, suggesting that the soft palate enlarges with the increase in body weight, as the case of the tongue. Lowe et al. (1986) These findings suggest that the head is located anteriorly to the base of the cervical vertebra.
The positional relationship between the head and cervical vertebrae is a very interesting finding, because the subjects are considered to have taken a posture in which the face and head are put forward to secure the airway space from the tongue enlargement caused by the increase in body weight. However, such a positional relationship between the head and the cervical vertebrae cannot be maintained while the subject is sleeping in a supine position.
As a result, regression of the mandible and narrowing of the upper airway occurs, resulting in SAS. We have treated SAS with dental appliances and obtained good results (Nakazawa et al. 1992 ). At present we are comparing the therapeutic effects of PSG in the patients treated by this method and the results of cephalographic analysis. We found that the upper airway was enlarged in all 16 of the 21 patients treated with dental appliances, who showed improvement in AI by at least 50%. There was also a distinct correlation between the rate of improvement in AT and the reduction of the ANSEb distance by the use of a dental appliance (R2=7.20, P<0.001). Therefore, we consider that analysis of cephalograms allows prediction of the effects of treatment with dental appliances. Cephalography, which is a two-dimensional observation of the profile views of the jaw, tongue, soft palate and upper airway, is simpler than CT and MRI, and enables photography in a short time. Morphological characteristics of an SAS patient can be easily determined from only one film. These findings clearly indicate the usefulness of cephalographic analysis for diagnosis of SAS and as basis for selection of therapy. 
